Objective: To analyze the possible utility of measuring acid-labile subunit (ALS) in some types of pathologies in which the IGF system is altered and to compare it with the clinical implications of measurements of other components of this axis. Design and methods: We studied serum ALS concentrations in 20 children with normal variants of short stature (NVSS) at diagnosis and 24 with growth hormone deficiency (GHD), 18 obese patients and 18 girls with anorexia nervosa at diagnosis and during a follow-up period. Results: In patients with GHD and anexoria nervosa, mean ALS concentrations were significantly reduced, but there was a high percentage of overlap with control values. At diagnosis, ALS concentrations were normal in obese patients and children with NVSS. During follow-up, these values normalized in children with GHD who were treated with GH, tended to normalize in those with anexoria nervosa who showed weight gain, and did not change in obese children upon weight loss. However, ALS measurement was less accurate than that of IGF-I or IGF binding protein (IGFBP)-3 in diagnosis of GHD. The correlations found between ALS and some IGF system components at diagnosis either decreased or were non-significant during follow-up of these clinical conditions. Conclusion: ALS adds little information to that obtained with IGF-I and IGFBP-3 determinations.
Introduction
Various reports suggest the importance of acid-labile subunit (ALS) measurements in understanding the physiology and pathology of the insulin-like growth factor (IGF) system. The development of a simple enzyme-linked immunosorbent assay (ELISA) for the measurement of ALS (1) may now give us further insight into ALS physiology. Growth hormone (GH), which appears to be the main regulator of ALS, increases ALS gene transcription (2, 3) , secretion of ALS by hepatocytes and serum concentrations of ALS. In contrast, these effects are not seen in response to IGF-I administration (4) . Although there is little information available, ALS concentrations appear to be diminished in GH-deficient (GHD) patients (5) , at least in adults suspected of being GHD (6) , and increased in acromegalic patients (7) ; however, there is a high percentage of overlap with control values (1) . In addition, ALS is subject to nutritional regulation, decreasing after fasting or caloric restriction. This effect could be mediated by changes in cyclic AMP concentrations (8) . Furthermore, low ALS concentrations are seen in other catabolic conditions, such as insulin-dependent diabetes mellitus (9) or acute lymphoblastic leukemia (10) . Hence, these data suggest that ALS may be implicated in both physiology and pathology and is potentially of clinical interest in order to assess possible abnormalities in the IGF axis (11) .
Taking these findings into consideration, the purpose of this study was to analyze serum ALS concentrations in different pathologies in which the IGF system is altered and compare these results with those of normal individuals of the same age and pubertal stage (12) , and to determine its usefulness as a marker in comparison with other components of this system.
Study participants and methods

Study participants
The study population included 24 children with isolated GHD, 20 with normal variants of short stature (NVSS), 18 girls with anorexia nervosa and 18 obese children. We also studies 60 healthy age-matched controls, divided into two groups according to their Tanner stage (13): I, 15 males and 15 females and V,  15 males and 15 females. The Tanner stages were evaluated according to breast development in girls and genital development in boys. Every control individual was referred to the Division of Endocrinology for suspected endocrine abnormalities and was found to be normal, with a height and weight between 21 and +1 S.D. according to Spanish standards (14) .
GHD patients, with a height score of 22X84^0X17 S.D., were studied at diagnosis and after 3, 6, and 12 months of hGH therapy (0.6 IU/kg per week). All children with GHD presented a peak GH concentration less than 5 ng/ml in response to two provocative tests. Prepubertal children with NVSS had short stature 22X50^0X36 S.D.) and normal growth velocity 20X38^0X57 S.D.). Obese prepubertal individuals, with a mean body mass index (BMI) score of 3X661 X19 S.D., were evaluated at diagnosis, after a 25% reduction in their BMI S.D. scores (corresponding to approximately 6 months after diagnosis), and at approximately 1 year after diagnosis, when a reduction of 50% or more from the initial S.D. score was obtained. Anorexic girls, with a mean BMI score of 22X150 X65 S.D., were studied at diagnosis, after recuperation of between 6±8% of their initial weight, at some time between 6 and 10 weeks after beginning treatment, and when 10% or more of the initial weight was recuperated (approximately 1 year after diagnosis). Blood samples of children and adolescents were withdrawn in fasted conditions between 0800 and 1000 h.
Anthropometric parameters Height was measured in the morning by the same experienced staff using a wall stadiometer (Harpender Ltd). At all study points the weight was also measured and the BMI calculated and expressed as S.D. score. The S.D. scores were based upon normative data from Spanish children (14) .
Biochemical measurements
Total ALS concentrations were determined by ELISA (DSL, Webster, TX, USA). Before the assay, the samples were pretreated to dissociate complexed ALS and to enhance dissociated and uncomplexed ALS immunoreactivity (1). The limit of sensitivity was 0.50 mg/ml. The intra-and interassay coefficients of variation were 5.6% and 7.0% respectively.
Total IGF-I was performed, after acid±ethanol extraction, by RIA and IGF binding protein (IGFBP)-3 in non-extracted samples by the same method (Nichols, San Juan Capistrano, CA, USA). IGFBP-2 concentrations were evaluated by RIA (DSL). Free IGF-I (fIGF-I) was measured by IRMA and IGF-II was also determined, after acid±ethanol extraction, by IRMA (DSL).
Serum IGFBP-1 concentrations were determined by ELISA (Medix Biochemica, Kauniainen, Finland). The limits of sensitivity of these assays were 8.4 ng/ml for IGF-I, 0.06 ng/ml for fIGF-I, 16.5 ng/ml for IGF-II, 0.40 ng/ml for IGFBP-1, 0.62 ng/ml for IGFBP-2 and 0.06 mg/ml for IGFBP-3. Intra-and interassay coefficients of variation were 4.9% and 8.9% for IGF-I, 6.2% and 7.3% for fIGF-I, 5.2% and 8.7% for IGF-II, 4.6% and 9.8% for IGFBP-1, 5.7% and 7.2% for IGFBP-2 and 3.6% and 6.1% for IGFBP-3 respectively.
Statistics
All results are expressed as the mean^S.D. All comparisons were made with age-matched controls. Sensitivity of the parameters analyzed was determined as the percentage of GHD children with a value less than 22 S.D. Specificity in patients with a normal GH response was defined as the percentage with a value greater than 22 S.D. Test accuracy was calculated as the number of GHD children with low values plus patients with NVSS who had a normal value, divided by all patients. Differences between the groups were determined by performing a one-way analysis of variance (ANOVA), followed by Scheffe Â's F test. Significance was chosen as P , 0X05X Correlations between ALS and the components of the IGF system studied were analyzed using linear regression analyses.
Results
Serum ALS concentrations
Mean ALS concentrations were significantly lower (ANOVA: P , 0X05 in patients with GHD ( Fig. 1A ) and anorexia nervosa (Fig. 1C) at diagnosis compared with age-matched controls. Mean values were normal in children with NVSS (Fig. 1B) and in obese children at all study periods (Fig. 1D) . After 3 months of GH replacement in the GHD group, ALS concentrations returned to control values and remained stable throughout the rest of the study period (Fig. 1A) . However, ALS values remained significantly reduced P , 0X05 in patients with anorexia nervosa (Fig. 1C) , in spite of weight recuperation.
Serum IGF-I, IGF-II, IGFBP-1 and -3 concentrations
Mean (^S.D.) serum concentrations of these components of the peripheral IGF axis are presented in Table 1 . GHD patients showed significantly greater concentrations of IGFBP-1 and lower concentrations of IGFBP-3 (ANOVA: P , 0X05 than control children and both parameters returned to control values after 3 months of GH replacement. However, IGF-I was significantly diminished at diagnosis P , 0X05 and, in spite of increasing after treatment, remained lower than control values. Children with NVSS presented normal values of these parameters. Anorexic patients had significantly reduced IGF-I and IGFBP-3 and increased IGFBP-1 concentrations P , 0X05 and these values did not normalize even after recuperation of more than 10% of body weight. IGF-II concentrations were normal at diagnosis and increased at the end of the study P , 0X05X In obese children, IGF-I concentrations were in the normal range at every study point and IGF-II concentrations were significantly elevated at all times P , 0X05X IGFBP-1 was low both before and after weight reduction. Serum IGFBP-3 concentrations were 
Regression analyses
The results of all regression analyses performed with the biochemical parameters studied are presented in Table 2 . A non-significant correlation was detected between ALS and BMI (not shown). A positive correlation between ALS concentrations and IGF-I and IGFBP-3 and a negative correlation with IGFBP-1 was found at diagnosis in GHD and NVSS children. A weak positive relationship was found between ALS and fIGF-I in obese children and a significant inverse relationship was found between ALS and IGFBP-2 in anorexic girls at diagnosis. All correlations declined or became non-significant during the evaluation of these patients.
ALS sensitivity and specificity
Serum ALS concentrations were less than 22 S.D. in 16 of the 24 patients with GHD and more than 22 S.D. in 14 of the 20 children with NVSS (Fig. 2) . In contrast to ALS, IGF-I and IGFBP-3 values were less than 22 S.D. in 21 and 20 respectively of the 24 children with GHD and greater than 22 S.D. in 13 and 15 respectively of the patients with NVSS. Two GHD patients with normal or borderline IGFBP-3 concentrations presented low ALS concentrations and one child in the same group had normal IGF-I and low ALS concentrations. Sensitivities and specificities for ALS, IGF-I, IGFBP-2, ratio of IGFBP-2/IGF-I and IGFBP-3 are given in Table  3 .
Discussion
In the present study we measured serum ALS concentrations in pediatric patients with GHD, NVSS and obesity, and in anorexic adolescents. The relationship between ALS and other parameters of the IGF system was also investigated. Finally, we analyzed the Table 2 Linear correlations between ALS and IGF-I, fIGF-I, IGF-II, IGFBPS-1±3 in control individuals (Tanner stages I (TI) and V (TV)), GHD, NVSS, anorexia nervosa (AN) and exogenous obesity (EOB) (for details see Methods). diagnostic value of ALS as compared with other components of this system. Serum ALS concentrations were decreased in GHD children and normalized after GH replacement. Low ALS concentrations in GHD patients have been reported previously (1, 5, 6) . The patients with short stature and normal GH secretion included in this study had normal serum ALS concentrations; it is also known that GH therapy in patients with GH insensitivity does not change serum ALS concentrations (15) . These findings suggest that GH is the main regulator of ALS and that the action of IGF-I on this glycoprotein is exerted by supressing GH secretion (16).
Controls
When we analyzed the possible diagnostic value of ALS in GHD patients, we found an accuracy of 68.2%. This is similar to the value reported by Juul et al. (5) . This value could be considered low if compared with the accuracy obtained with IGF-I or IGFBP-3. However, it may be premature to exclude ALS as a possible complementary diagnostic tool. Further studies of this parameter must be performed in conjunction with other members of this system, especially IGF-I and IGFBP-3, in order to determine how the greatest accuracy at diagnosis may be achieved.
Our data show low serum ALS concentrations at diagnosis and a partial increase in these concentrations after weight recuperation in anorexic girls, but have a greater overlap with control values than IGF-I or IGFBP-3 (17) . These diminished ALS concentrations could be explained, at least in part, by the hypoinsulinemic state of these patients, as insulin therapy has been reported to restore ALS concentrations in other catabolic situations (9). We did not find a correlation between ALS concentrations and BMI. This result differs from that of the study by Fukuda et al. (18) , who described a weak relationship between these parameters. This could be due to the low number of patients included in this study.
Patients with anorexia nervosa may present a partial GH resistance, as suggested by their reduced GHBP concentrations (17) , although the interrelationship between GHBP and GH receptors is now being reexamined in some pathologies (19) . Reduced GHBP concentrations may represent a down-regulation of the number of GH cell-surface receptors as a result of the undernutrition, and hence a decreased GH sensitivity that leads to reduced ALS synthesis. As with ALS, nutritional status and dietary changes also affect other components of the IGF system, especially IGF-I and IGFBP-3 (20, 21) which, along with ALS, form the ternary complex. However, IGF-I and IGFBP-3 show greater increases than ALS after dietary manipulations (22) and are most probably better markers in assessment of nutritional status. Although ALS does not seem to be an excellent indicator of the nutritional status, its measurement in parallel with that of other members of the IGF system could increase the information on the status of these patients.
Obese children presented normal serum ALS concentrations that remained stable in spite of weight reduction. In fact, our study shows an absence of correlation between ALS and body mass index. These patients have disturbances in the IGF system, such as decreased GH secretion and increased serum GHBP concentrations, high free IGF-I and hyperinsulinemia (23, 24) ± factors that could regulate ALS synthesis or liberation differentially. Because of the multiplicity of factors implicated in the regulation of this glycoprotein, it is difficult to understand its modulation in this situation. However, it is possible that these normal ALS concentrations are the result of an integration of the low GH and high GHBP concentrations. In spite of their low GH levels, obese patients present high GHBP levels (25) and this may indicate an increased number of GH receptors in peripheral tissues, including liver (26) , where they are coexpressed with ALS (27) . Data on alterations in ALS in undernutrition have been reported (28) , but less is known about overnutrition. However, it appears that ALS is a less sensitive marker than other components of the peripheral IGF axis in assessing problems of obesity.
The correlation between ALS and IGF-I or IGFBP-3 in GHD and NVSS patients at diagnosis declined during GH replacement. In obese children a similar loss of correlation occurred between ALS and IGF-I; in anorexic girls there was a loss of correlation between ALS and IGF-II and IGFBP-2 during weight reduction or recuperation respectively. The reason is not clear, but it could be an imbalance between the different IGF system peptides during the normalization period.
In conclusion, ALS does not add to the clinical assessment of these patients beyond the information gained from IGF-I plus IGFBP-3 measurements.
